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ABSTRACT
We investigate the relationship between the long term X-ray spectral variability in the Seyfert 1.5
galaxy NGC 4151 and its intrinsic absorption, by comparing the 2014 simultaneous ultraviolet/X-
Ray observations taken with Hubble STIS Echelle and Chandra HETGS with archival observations
from Chandra, XMM-Newton and Suzaku. The observations are divided into ”high” and ”low” states,
with the low states showing strong and unabsorbed extended emission at energies below 2 keV.
Our X-ray model consists of a broken powerlaw, neutral reflection and the two dominant absorption
components identified by Kraemer et al. (2005), hereafter KRA2005, X-High and D+Ea, which are
present in all epochs. The model fittings suggest that the absorbers are very stable, with the principal
changes in the intrinsic absorption resulting from variations in the ionization state of the gas as the
ionizing continuum varies. However, the low states show evidence of larger column densities in
one or both of the absorbers. Among plausible explanations for the column increase, we discuss
the possibility of an expanding/contracting X-ray corona. As suggested by KRA2005, there seem
to be contributions from magnetohydrodynamic (MHD) winds to the mass outflow. Along with
the ultra fast outflow absorber identified by Tombesi et al. (2010), X-High is consistent with being
magnetically driven. On the other hand, it is unlikely that D+Ea is part of the MHD flow, and it
is possible that it is radiatively accelerated. These results suggest that at a sufficiently large radial
distance there is a break point between MHD-dominated and radiatively driven outflows.
Keywords: galaxies: individual (NGC 4151) - galaxies: Seyfert - X-rays: galaxies
1. INTRODUCTION
It is well established that Active Galactic Nuclei
(AGN) exhibit extreme X-ray flux variability as they ac-
crete matter onto a supermassive black hole (SMBH).
Such variability has been observed in timescales of
minutes to hours, up to longer timescales (Turner et al.
1999; Nandra 2001; Turner & Miller 2009). Seyfert
galaxies correspond to a subclass of AGNs, character-
ized in terms of total luminosity coming from their nu-
clei. The spectrum exhibit broad emission lines that
cover a wide range in ionization (Osterbrock & Pogge
1985), and depending on the characteristics and kine-
matics presented of such lines, are further subclassified
into Type 1 and Type 2, among more specific subclas-
sifications defined by Osterbrock & Koski (1976) and
Osterbrock & Pogge 1985.
Furthermore, mass outflows, evidenced by
blueshifted absorption lines of ionized gas com-
ing from the central regions of Seyfert galaxies
(Crenshaw et al. 2003), are believed to be closely re-
lated to AGN spectral power. They play an important
role in understanding the structure, dynamics and
evolution of AGNs, and therefore are fundamental in
order to investigate the extent of the contribution of
outflows to AGN Feedback. Although the origin of X-
ray variability is still not fully understood, in a general
way the spectral changes can be attributed either to
time dependent structural changes in the absorption
features or source variations, and sometimes it is very
difficult to narrow down a single solution to model
the observed spectrum. Many different scenarios have
been proposed to account for spectral variability in
AGNs, and below we list a few of them:
i The X-ray source varies in luminosity, due to
changes in the mass accretion rate, structural
changes in the accretion disk, flaring events, etc,
causing the intrinsic continuum flux to vary ac-
cordingly, and the absorption components to re-
spond by changing their ionization state, hence
their opacity to the incident radiation; this sce-
2nario implies a certain stability in the nature of
the X-ray absorbers, which has been previously
discussed by Scott et al. (2014) in the study of
NGC 3783.
ii The X-ray source remains roughly constant
in luminosity or varies on a much longer
timescale, and the observed variability appears
when high column density clouds of inter-
vening gas temporarily cover the source and
shield the absorbers, causing their ionization
state to vary, as suggested in Tatum et al. (2013).
Specific examples include MGC −6−30−15
(McKernan & Yaqoob 1998), and also NGC 3516
(Turner et al. 2011; in which their Figure 1 illus-
trates the extreme variability in the absorption
profile).
iii Major changes in the spectrum are not due to
variations in the X-ray source, which may vary
or remain constant, but to changes in column
density of the absorbers due to transverse mo-
tion of gas, as proposed i.e. by KRA2005 for the
2002 and 2000 Chandra spectra on NGC 4151, and
more recently by Kaastra et al. (2014) for NGC
5548. Spectral variability could also be attributed
to changes in the relative fractions of intrinsic
and reflected continuum. as Miller et al. (2010)
discuss in the study of NGC 4051, such changes
can be explained by effects of reverberation lags,
caused by high covering factor reflecting mate-
rial.
All of the above scenarios make physical sense and
have been probed with observational evidence in stud-
ies of different AGNs. The idea of single scenario to ac-
count for the X-ray variability still does not seem plau-
sible, and conclusions must rely on the data available
for each individual galaxy.
In this paper we will focus on investigating the long
term flux variability and intrinsic absorption of NGC
4151 on a timescale of 14 years. NGC 4151 is one of
the nearest (z=0.0033; de Vaucouleurs et al. 1991) and
brightest AGN and is classified as a Seyfert 1.5, exhibit-
ing comparable broad and narrow emission compo-
nents in Hβ (Osterbrock & Pogge 1985). Over the past
decades, NGC 4151 has been the target of many single
and multiwavelength observations, and its heavily ab-
sorbed X-ray spectrum and complex intrinsic absorp-
tion features have been extensively studied. As dis-
cussed by Crenshaw & Kraemer (2007), the complexity
of the intrinsic absorption in NGC 4151 could be related
with the 45◦ viewing angle (Das et al. 2005) of the black
hole/accretion disk system. The hard X-ray (2−10 keV)
shows strong flux variability and the soft energy band
(< 2 keV) is dominated by emission lines with velocity
widths that would indicate that they are coming from
the intermediate line region (ILR), located at∼ 1 pc, up
to the narrow line region (NLR), that can extend from
∼ 10 pc to ∼ 1 kpc (Wang et al. 2011).
As we will discuss in more detail in this paper, our
initial assumption is that the X-ray flux variability is
related to the opacity of the gas, although KRA2005
found no simple correlation between the ionization
state and the intrinsic continuum flux, and pointed out
that this result corroborates with the idea of transverse
motion of gas across our line-of-sight. Furthermore,
our analysis will provide us with insights in the tem-
poral evolution of the X-ray absorbers and the nature
of the mass outflows in NGC 4151. Section 2, we give
a detailed description of the observations and data re-
duction; Section 3, we discuss about the X-ray spectral
variability and the X-ray model; Section 4, we present
our results and comparison between different epochs;
in Section 5wewill discuss the implications of our anal-
ysis, and finally Section 6 gives a summary and final
conclusions.
2. OBSERVATIONS AND DATA REDUCTION
Our analysis will be focused on the 2014 observa-
tion of NGC 4151, part of a simultaneous ultraviolet
(UV) and X-ray program using, respectively, Hubble
Space Telescope’s Space Telescope Imaging Spectrograph
(STIS) Echelle and Chandra X-ray Observatory High-
Energy Transmission Grating Spectrometer (HETGS).
The Chandra observation sums a total of 241 ks in ex-
posure time, and was performed in two epochs due
to constraints in the roll angle alignment to match the
cross-dispersion direction of the extended emission of
NGC 4151 (Ogle et al. 2000). The first data (ObsID
16089, 172 ks) was obtained over the period 2014
February 12 19:47 to 2014 February 14 21:04 UTC, and
the second (ObsID 16090, 69 ks) on 2014March 08 15:20
to 2014 March 09 11:26 UTC. Both datasets were ob-
tained with the ′′S-array′′of the Advanced CCD Imag-
ing Spectrometer (ACIS−S). CCDs S1 to S5 were read
out.
We also include in our analysis a set of multisatel-
lite archival observations of NGC 4151 from Chandra,
XMM-Newton and Suzaku. The details for each individ-
ual observation can be found in Table 1. We classified
the epochs presented in this paper in terms of their flux
state as high (for fluxes> 1.0× 10−10 ergs cm2 s−1) and
low (for fluxes < 1.0 × 10−10 ergs cm2 s−1).
2.1. Data Reduction
All Chandra datasets were processed following the
Chandra ACIS science threads, with CIAO (version 4.6)
software, andHEASOFT (version 6.15.1) packages. The
3Table 1. Observation Log
Obs ID Start Time Instrument Duration Flux2−10keV Flux State
(UTC) (ks) (10−11 erg cm2 s−1)
Chandra 335 2000-03-05 23:19:11 HETG/ACIS-S 47.4 6.41± 0.09 Low
3052 2002-05-09 18:26:49 HETG/ACIS-S 153.1 16.7± 0.02 High
3480 2002-05-07 23:25:58 HETG/ACIS-S 90.8 High
3089 2002-07-02 15:56:56 LETG/ACIS-S 86.3 15.2± 0.02 High
7830 2007-07-21 10:10:28 HETG/ACIS-S 49.3 10.6± 0.02 High
16089 2014-02-12 19:47:34 HETG/ACIS-S 171.9 6.27± 0.03 Low
16090 2014-03-08 15:20:33 HETG/ACIS-S 68.8 Low
XMM-Newton 112830201 2000-12-22 10:42:18 EPIC-PN 47.1 4.69± 0.01 Low
112830501 2000-12-22 02:53:42 EPIC-PN 11.2 Low
Suzaku 701034010 2006-12-18 20:05:09 XIS,HXD 155.8 4.30± 0.01 Low
calibration files from Chandra CALDB (version 4.5.9)
were used. The HETGS is composed of two grat-
ing arms − the High Energy Grating (HEG), and the
Medium Energy Grating (MEG). HEG and MEG are
placed in such a way that the dispersed spectra from
the two are perpendicular on the chip, appearing as
an X around the target, and combined they cover from
0.4−10 keV in energy range. The Low-Energy Trans-
mission Grating Spectrometer (LETGS) is composed of
a single arm, the Low Energy Grating (LEG), and it is
optimized for lower energies (< 2 keV). The script chan-
dra repro automatically runs all the standard data pro-
cessing steps, such as destreak at the ACIS-CCD8 chip,
reprocessing of bad pixels file and level=2 event and
pulse height amplitude files (PHA), filtering of good
time intervals, and creation of response matrix files
(RMF) and ancillary response files (ARF) for positive
and negative grating arms. The background was negli-
gible, so there was no need for background extraction.
The ± first-orders PHA, RMF and ARF of each dataset
were combined, and all spectra were rebinned to a min-
imum of 30 counts per bin, except for the Chandra 2000
(Obs ID 335) and 2007 (Obs ID 7830) datasets, which
were rebinned to a minimum of 15 counts per bin due
to shorter exposure time. The total number of counts
for the 2014 HEG spectra was 26931 for Obs ID 16089
and 9246 for Obs ID 16090. For the 2014 MEG spec-
tra was 24025 for Obs ID 16089 and 8115 for Obs ID
16090. For convenience, some of the observations were
either combined (Chandra 2002− ObsID 3480 and 3520,
and 2014 − ObsID 16089 and 16090) or fitted together
(XMM-Newton 2000− ObsID ... 201 and ... 501) in order
to increase the number of counts per bin, and improve
the fitting statistics. The total number of counts in the
combined spectrum was 35938 counts, with a count
rate of 0.1483 ± 0.0010 counts s−1 for HEG, and 32115
counts, with a count rate of 0.1326 ± 0.0009 counts s−1
for MEG.
The XMM-Newton datasets were processed with the
XMM-Newton Science Analysis System (SAS) (ver-
sion 14.0.0) and calibration files as of 2015 February.
The EPIC-PN spectra were time and rate filtered, and
limited to single and double events (PATTERN=0−4).
Events near bad pixels and edges were also excluded
(FLAG==0). The source and background regions were
defined in detector coordinates as a circle with radius
of 640 and 740 detector pixels, respectively. The pile-
up impact was negligible on the selected datasets. The
redistribution matrix and ancillary response files were
generated with the XMM-SAS tasks rmfgen and arfgen,
so the data set would be ready to be fitted with XSPEC.
The Suzaku observation was taken with both X-ray
Imaging Spectrometer (XIS) and the Hard X-ray Detec-
tor (HXD). Among the selected observations, this spec-
trum covers the largest observable energy range, from
0.6−50 keV. The data reduction was performed as de-
scribed in the Observation and Data Reduction section
in Yaqoob et al. (2016).
3. X-RAY SPECTRAL VARIABILITY AND
MODELING
All of the X-ray data analysis and model fitting were
performed with the High Energy Astrophysics Sci-
ence Archive Research Center (HEASARC) tools pack-
age HEASOFT (version 6.15.1), and XSPEC (version
12.8.1g), (Arnaud 1996), using χ2 statistics. Model pa-
rameters are given at redshift z = 0.0033, and errors are
calculated on XSPEC for 90% confidence limits. Galac-
tic absorption by dust and gas from our galaxy is rep-
resented by a full-coverage column of gas with fixed
4Figure 1. X-ray Spectra of NGC 4151 from 2000 to 2014. The observations are as follows, 2014 Chandra HEG (black) and MEG
(red); 2000 Chandra HEG (dark green) and MEG (dark blue); 2002 Chandra HEG (cyan), MEG (magenta) and LEG (yellow); 2007
Chandra HEG (orange) and MEG (light green); 2000 XMM-Newton ObsID ...201 (green+cyan) and ...501 (blue+cyan); and 2006
Suzaku (purple). For illustration purposes we show in pink the 2006 XMM-Newton ObsID 0402660201, since it will be discussed
in further sections. The datasets were extracted with 15 or 30 counts per bin, depending on the total number of counts of the
observation.
Figure 2. X-ray light curve continuum of NGC 4151 from 1983
to 2014. 2-10 keV fluxes are plotted as a function of Julian
date.
hydrogen column density, NH = 1.98 × 10
20 cm−2, de-
fined from the dust map in Dickey & Lockman (1990).
The X-ray spectral variability of NGC 4151 over the
past 14 years is illustrated in Figure 1, which shows the
Figure 3. UV light curve continuum of NGC 4151 from 1976
to 2014. Fluxes at 1350 A˚ are plotted as a function of Ju-
lian date. The symbols correspond to different instruments:
pluses, IUE; triangles, FOS; diamonds, HUT; crosses, STIS.
Vertical lines indicate the error bars for 1σ.
5unfolded spectra as a function of energy for the datasets
described in the previous section. The lower flux state
datasets show a more heavily absorbed spectrum than
the higher flux state ones, however, it is also worth not-
ing the similarities in spectral shape and continuum
flux between different epochs. More specifically, it is
remarkable how the low flux states 2000 and 2014Chan-
dra HETG, and high flux states 2002 HETG and LETG
Chandra observations overlap. Furthermore, the X-ray
lightcurve over the past ∼ 30 years is illustrated in Fig-
ure 2. The 2−10 keV flux for the 2014 Chandra spectra
was ∼ 6.27 × 10−11 ergs cm2 s−1, roughly a factor of
∼ 3 times fainter than the 2002Chandra observation. In-
terestingly, the flux of the Fe kα emission line at 6.4 keV
only varied by a factor of∼ 2, which could indicate that
the reflection component may remain somewhat con-
stant throughout the years, and is consistent with it be-
ing outside the BLR, since the broad lines vary strongly
with the continuum (Crenshaw et al. 1996).
We also observe a factor of ∼ 4 decrease in the UV
spectrum, with a flux at 1350 A˚ of ∼ 2.5 × 10−14
ergs cm2 s−1 A˚−1. Figure 3, previously published on
Kraemer et al. (2006), hereafter KRA2006, shows a UV
light curve at 1350 A˚ for NGC 4151 over the past ∼ 30
years, with the last point corresponding to our new
2014 STIS observation. The notable UV short and long
term flux variability rules out the possibility of exis-
tence of clouds of intervening gas in NGC 4151, as de-
scribed in scenario (ii) of the Introduction. For the UV
to vary due temporary occultation, the intervening gas
must be dusty, which is very unlikely given the fact that
the gas should be located in the inner part of the BLR,
hence within the dust sublimation radius (∼ 0.05 pc,
from Barvainis 1987 Eq. 5 for T = 1500 K and Lν ∼ 10
43
erg s−1; see KRA2006). Thus, spectral changes would
be either caused by transverse motion or by changes in
the ionization state of the absorbing gas.
3.1. X-ray Modeling
Our approach was to model the 2014 dataset based
on the model parameters proposed by KRA2005. The
main features, such as absorption and reflection com-
ponents, and the soft X-ray region, will be discussed
in more detail in the following subsections. The hard
X-ray model can be summarized as follows:
Broken powerlaw. The powerlaw is parameterized
in terms of the photon spectral indices (Γ1 and
Γ2) and normalization parameter, with an energy
break at 0.5 keV, representing the intrinsic X-ray
continuum emission. Γ1 is fixed at 2.3 for energies
below 0.5 keV, and Γ2 is fixed at 1.5. Although Γ2
is flatter than typical (see George et al. 1998, and
references therein), it is consistent with previous
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Figure 4. Soft X-Ray Emission for the combined HEG (black)
and MEG (red) 2014 Chandra spectrum for the lines listed in
Table 2.
Figure 5. STIS spectra of NGC 4151 in the C IV region ob-
tained between 1997 and 2014. The locations of the kinematic
components defined by Weymann et al. (1997) are labeled in
capital letters for C IV λ1548 and lowercase letters for C IV
λ1551 (see Kraemer et al. 2006).
studies of NGC 4151. Investigating the cause of
the flat photon index would be out of the scope of
this paper, given the limitations in energy range
in our datasets.
Reflection component + Fe Kα emission line. Neu-
tral Compton reflection that arises from the repro-
cessing of X-rays from cold matter. The reflected
component has the same spectral shape as the in-
cident continuum in terms of photon index and
normalization parameters, and it is described in
more detail in the following subsections.
Dual absorption component. The absorbers will
be modeled in terms of changes in column den-
sity and/or ionization parameter, and as in the
6KRA2005 model we assume that they are radi-
ally distributed around the central source. We can
identify two main absorption components, with
the nearest, more highly ionized one (X-High), fil-
tering the ionizing radiation incident on the less
ionized component (D+Ea). 1 The absorbers lie in
front of the source intrinsic and reflected contin-
uum, and are seen as imprinted absorption fea-
tures. We start with the assumption that the col-
umn densities of the absorbers are equal, and see
if we can find a good statistical solution by vary-
ing ionization parameter, or if we need to adjust
them.
Emission Lines. The spectrum is dominated by
emission lines in the soft X-ray band, below 2 keV,
as illustrated in Figure 4. The emission lines are
represented in the model as gaussians, and cor-
respond to the extended emission of NGC 4151.
The lines were based on the soft X-ray emis-
sion of NGC 1068 Chandra spectrum presented in
Kallman et al. (2014), and are summarized on Ta-
ble 2 (note that Chandra HETG has a spectral res-
olution of ∆E = 0.4−77 eV FWHM and is capa-
ble of resolving FWHM down to ∼ 300 km s−1).
The physical conditions and kinematics of the ex-
tended emission region will be studied in more
detail in a future paper (Couto et. al, in prepara-
tion).
3.2. Reflection Component
We account for Compton reflection on XPEC by using
PEXMONmodel (Nandra et al. 2007), parameterized in
terms of the powerlaw intrinsic continuum, with pho-
ton index (Γ) and normalization parameters tied to the
primary broken powerlaw, high energy cutoff fixed at
100 keV, solar abundances, relative reflection fraction R,
and inclination angle fixed at 45◦. The reflection frac-
tion R is the only parameter allowed to vary, and it rep-
resents the ratio between the observed and expected re-
flection from a slab of gas subtending a solid angle of
2piR. Negative values of R in the models indicate that
we are taking into account only the direct reflected con-
tinuum. As previously stated, PEXMON only accounts
for reflection from neutral matter. The Fe Kα Comp-
ton shoulder is also included in PEXMON as a gaussian
with energy fixed at 6.315 keV and σ equal to 0.035 keV.
The Fe Kα equivalent width was ∼ 170 eV for the
2014 combined Chandra dataset and ∼ 81 eV for the
1 D+Ea − defined by Kraemer et al. (2001). This component is a
combination of components D and E, identified by Weymann et al.
(1997) nomenclature for the Ultraviolet (UV) kinematic components;
it can be detected both in the UV and X-ray spectrum.
2002 combined Chandra; the full width half maximum
(FWHM) was ∼ 2500 km s−1 and ∼ 2080 km s−1, for
2014 and 2002, respectively. The Fe Kα emission line is
clearly detected, specially in the low flux states, and its
narrow profile indicates that it is coming from a more
distant region, such as the Intermediate Line Region
(ILR) (Shu et al. 2010).
3.3. Photoionization Models
The photoionization models for the absorption com-
ponents were computed using CLOUDY (version
13.00; Ferland et al. 2013). The X-ray absorbers are
modeled as single-zoned slabs with constant density
atomic gas, illuminated by the central source. We
assumed roughly solar elemental abundances from
Grevesse & Anders (1989) with the following log val-
ues, relative to H: He: − 1.00; C: − 3.47; N: − 3.92;
O:− 3.17; Ne:− 3.96, Na:− 5.76;Mg:− 4.48; Al:− 5.55;
Si: − 4.51; S: − 4.82; Ar: − 5.60; Ca: − 5.66; Fe: − 4.4;
Ni: − 5.78. The models are parameterized in terms
of the total hydrogen column density NH and ioniza-
tion state of the gas, given by the dimensionless ion-
ization parameter U = Q/(4pir2cnH), in terms of Q, the
number of ionizing photons s−1 emitted the source,
r, radial distance of the absorber, and nH the hydro-
gen number density. The spectral grids generated with
CLOUDY were used as input to XSPEC in the form of
mtables (for details in the CLOUDY/XSPEC interface,
see Porter et al. 2006).
For a given range of values of U and NH in log scale,
we generated a grid of photoionization models for each
of the absorption components. The first, highly ion-
ized absorber (X-High) is assumed to be closest to the
source and directly illuminated by the ionized contin-
uum. D+Ea is at larger radial distance, and is illumi-
nated by the radiation filtered by X-High, by selecting
the transmitted continuum flux of X-High at 0.952 Ryd
as incident continuum of D+Ea, given that at such en-
ergy there should not be any significant absorption. As
noted above, the column density NH is kept roughly
constant for both absorbers, based on the KRA2005
model results. KRA2005 found evidence for five dis-
tinct absorption components, namely in order of radial
distance: X-High, D+Ea, D+Eb, D+Ec, and E’, with the
three latter being lower in ionization, and with smaller
column density than the first two. However, our mod-
els did not show statistical improvement by adding the
less ionized components.
Figure 5, (from KRA2006, with the addition of more
recent data, including the new 2014 STIS spectrum),
illustrates the C IV intrinsic absorption variability in
NGC 4151 from 1997 to 2014; the kinematic absorp-
tion component letters are highlighted in the figure for
both C IV λ1548 and λ1551. Since we see no varia-
7Table 2. NGC 4151 Emission Lines
Wavelength Energy Flux Lab Ion FWHM
(A˚) (keV) (cm−2s−1) (A˚) (km s−1)
6.178 2.007 7.24+2.72
−2.22×10
−6 6.180 Si XIV ≥ 1400
6.647 1.866 7.68+1.78
−1.78×10
−6 6.640 Si XIII ≥ 1600
6.692 1.853 9.02+0.37
−0.37×10
−7 6.690 Si XIII ∼ 1600
6.739 1.840 8.43+1.53
−1.53×10
−6 6.744 Si XIII ∼ 1700
6.988 1.774 7.24+2.72
−2.22×10
−6 7.001 Si VIII (Kα) ≥ 1400
7.113 1.743 6.50+0.82
−1.35×10
−6 7.110 Mg XII ≥ 800
7.466 1.661 6.50+0.82
−1.35×10
−6 7.110 Mg XII ≥ 800
7.848 1.580 1.43+1.03
−1.03×10
−6 7.850 Mg XI ∼ 450
8.404 1.476 5.71+1.49
−1.49×10
−6 8.420 Mg XII ≥ 1000
9.070 1.367 1.29+2.42
−1.29×10
−6 9.170 Mg XI ≥ 2600
9.244 1.341 2.17+4.74
−4.74×10
−6 9.230 Mg XI ≥ 4000
9.898 1.253 1.21+2.11
−1.21×10
−6 9.800 Fe XVII (rrc) ∼ 700
10.248 1.210 4.52+2.29
−2.29×10
−6 10.240 Ne X ≤ 700
10.323 1.201 6.27+3.01
−3.01×10
−6 10.388 Ne IX ∼ 1600
10.635 1.166 4.61+2.66
−2.66×10
−6 10.641 Fe XIX ≤ 800
11.031 1.124 3.35+3.25
−5.15×10
−6 11.000 Ne IX ∼ 1600
11.495 1.079 4.71+5.15
−4.71×10
−6 11.500 Fe XVIII ∼ 3300
12.144 1.021 2.50+0.62
−0.62×10
−5 12.100 Ne X ≥ 1100
13.457 0.921 3.53+1.06
−1.06×10
−5 13.447 Ne IX ∼ 1600
13.685 0.906 5.57+1.66
−1.66×10
−5 13.700 Ne IX ≥ 4000
14.169 0.875 6.40+1.74
−1.74×10
−5 14.250 O VII ≤ 4000
15.159 0.818 2.54+2.11
−2.11×10
−5 15.188 O VIII ∼ 4500
16.765 0.740 8.12+4.11
−4.11×10
−5 16.777 O VII ∼ 4800
18.892 0.653 1.24+0.57
−0.57×10
−4 18.968 O VIII ∼ 1100
21.963 0.565 4.63+2.58
−2.58×10
−4 21.804 O VII ≥ 6500
NOTE—Large FWHM may be due to blending of lines. Details will be dis-
cussed in Couto et. al, in preparation.
tions in velocity shift for D+E in the UV spectrum (see
Figure 5), the outflowing velocities for the absorption
components were assumed to be the same as KRA2005,
∼ 500 km s−1. In our initial modeling we concentrated
on fitting the broad-band absorption profile, hence did
not consider turbulence. Once an acceptable fit was ob-
tained, we included turbulence to optimize the model-
ing of individual absorption lines (when detectable).
4. RESULTS
Since the atomic data used in CLOUDY have im-
proved considerably in the past decade, we started our
analysis by refitting the KRA2005 model to the 2002
dataset. Our model fittings were performed simulta-
neously on HEG andMEG, constrained to the 2−8 keV
energy range. The free parameters are column density,
ionization parameter and reflection fraction R, while
the powerlaw photon index and the gaussian lines for
the soft X-ray emission were held fixed. We were able
to reproduce the KRA2005 model with almost identi-
cal parameters and good statistical significance by fit-
ting the two main X-ray absorption components. The
column densities of the absorbers were roughly equal,
NH ∼ 3.2 × 10
22 cm−2, and the ionization parameters
were log UX−High ∼ 1.09 and log UD+Ea ∼ − 0.27. Fig-
ure 6 shows the 2002 fit and the model vs. data ratio.
In order to determine whether the individual ab-
sorption lines detected by KRA2005 were accurately
predicted by our models, we reran X-High and D+Ea
photoionization models with the energy resolution in-
creased by a factor of 10 (Porter et al. 2006). Without
turbulence, the predicted lines were significantly shal-
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Figure 6. Unfolded spectrum and model residuals for the 2002
Chandra HEG (black) and MEG (red) combined dataset with
the KRA2005 model parameters.
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Figure 7. Intrinsic absorption features in the 1.7 − 2.1 keV
Soft X-ray region of the 2002 and 2014 Chandra spectra. HEG
(black) and MEG (red) data are plotted as dashed lines; solid
lines correspond to the model results previously discussed in
the text. The strongest absorption and emission features are
highlighted in the plot.
lower than observed. Therefore, we included turbu-
lence of 100 km s−1 (see KRA2005), and the resulting
fit in the energy range of the silicon inner shell lines is
shown in Figure 7.
4.1. Fitting the 2014 Chandra Observations
Based on our refitting of the 2002 dataset, we pro-
ceeded with the 2014 Chandra observations. In a lower
flux state, all model components play a much impor-
tant role in shaping the spectrum we observe. The re-
flected continuum becomes more dominant, and many
of features imprinted in the absorption continuum of
high flux state epochs are only seen as emission lines
in the low flux ones. Without allowing XSPEC to fit
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Figure 8. HEG (black) and MEG (red) unfolded spectra and
model residuals for the best fitting model for the 2014 Chandra
observation.
the data, we got an acceptable solution, identical to
the KRA2005 fitting for the 2000 dataset, which sug-
gested transverse motion manifested by a considerable
increase in the column density of D+Ea (NH ∼ 8 × 10
22
cm−2). However, in allowing the parameters of D+Ea
to vary, the fitting favored an unphysical solution in
which UD+Ea increased, which seemed highly unlikely
given its lower flux state.
Thus, following the fitting of the 2002 dataset we tied
column densities of X-High and D+Ea. It was evident
in the fittings, though, that a bigger columnwas needed
to properly model the low flux spectrum. We were able
to reproduce the 2014 spectrum shape, and a final sat-
isfactory statistical fit was achieved when we allowed
a fraction of the intrinsic continuum to be seen without
any attenuation, due, for example, to scattering by free
electrons. Such component is modeled as an uncov-
ered powerlaw with photon index Γ ∼ 2.4, contribut-
ing mostly to the soft energy range of the spectrum.
Our best model fitting for the 2014 data is illustrated in
Figure 8. Variations in the gas opacity are still a major
contributor to the observed spectral changes between
high and low states, but we also noticed an increase in
the 2014 column density when compared with the 2002
model (NH ∼5 × 10
22 cm−2). Such values for column
density imply in the saturation of predicted ionic col-
umn densities of low ionization ions such as C II, Si
II and O I (see Table 3). The uncovered scattering is
evidenced in the lower flux state, where it contributes
more significantly to the total flux. However, by refit-
ting the 2002 data to include the scattering component,
we obtain an improvement of 0.1 in χ2 in the 0.5−8.0
keV range.
Figure 7 also shows a a comparison between the 2002
and 2014 intrinsic absorption in the 1.7− 2.1 keV band.
Some of the emission lines coming from the extended
emission region are also highlighted in the plot. The
low signal-to-noise, due to the drop in flux, combined
9with the emission lines, makes it impossible to detect
individual absorption features.
Furthermore, in order to test the consistency of our
model with the observed UV spectrum, we extrapo-
lated our absorption corrected X-ray model to the UV
region and calculated the predicted model flux at 1350
A˚ using our broken powerlaw parameters. We used the
X-ray flux at 5 keV, F5keV = 1.05 × 10
−3 photons cm−2
s−1 keV−1, and estimated the intrinsic continuum flux
without absorption at 0.5 keV. Thus we calculated the
UV flux to be F
1350 A˚
=∼ 3.3× 10−14 erg cm−2 s−1 A˚−1,
which overpredicts the observed flux by ∼ 30 %, but it
is still consistent if we consider that we did not correct
the X-ray intrinsic continuum flux at 5 keV to contribu-
tions from the reflected continuum.
4.2. Comparison with Archival Datasets
Based on the 2014 model we fitted the archival
datasets of NGC 4151 from Chandra,XMM-Newton, and
Suzaku. All of the final model parameters, including the
2014 and 2002 observations, can be found on Table 4.
X-ray flux errors were calculated on XSPEC with a 68%
confidence range. For all datasets the column density
within X-High and D+Ea remain constant, except the
2000XMM-Newton, which also exhibits the most differ-
ent spectral shape (see Figure 1). It is important to note
that the low flux states have column densities similar to
2014, while the high flux states show column densities
like the 2002 model.
Table 3. Model Column Densities
Ion 2014 2002
X-High D+Ea X-High D+Ea
H I 16.16 22.38 14.65 17.19
He II 17.48 21.08 15.98 20.61
C I - 14.34 - -
C II - 19.10 - -
C IV - 17.98 - 16.58
N V 15.75 17.04 - 18.16
O I - 19.24 - -
O II - 18.90 - -
O VI 17.21 17.81 - 18.60
O VII 19.20 17.49 - 19.02
Ne VIII 17.65 - 14.34 17.63
Ne IX 18.55 - 16.80 17.54
Ne X 18.12 - 17.91 16.21
Mg IX 17.57 - - 16.94
Table 3 continued
Table 3 (continued)
Ion 2014 2002
X-High D+Ea X-High D+Ea
Mg X 17.42 - 14.16 16.28
Mg XI 17.80 - 15.18 15.83
Mg XII 17.14 - 16.13 14.14
Si II - 18.06 - -
Si III - 16.37 - -
Si IV - 17.01 - 15.57
Si V - 17.34 - 17.10
Si VI 14.18 16.73 - 17.12
Si VII 16.25 16.57 - 17.45
Si VIII 17.37 15.53 - 17.50
Si IX 17.64 - - 16.80
Si X 17.66 - 14.17 16.01
Si XI 17.32 - 15.18 14.84
Si XII 17.00 - 16.13 14.13
Si XIII 17.09 - 17.41 -
Si XIV 16.13 - 17.65 -
Fe II - 18.17 - -
Fe VII 14.88 16.77 - 17.29
Fe VIII 16.75 16.65 - 17.77
Fe IX 17.63 15.22 - 17.29
Fe X 17.82 - - 16.68
Fe XI 17.66 - - 15.74
Fe XII 17.32 - - 14.68
Fe XIII 16.99 - - -
Fe XIV 16.59 - - -
Fe XV 16.20 - - -
Fe XVI 16.02 - 14.75 -
Fe XVII 16.66 - 16.59 -
Fe XVIII 16.31 - 17.27 -
Fe XIX 15.69 - 17.60 -
Fe XX 14.54 - 17.26 -
The Fe Kα equivalent width varies as a factor of
∼2 in high and low flux states, and the 2006 Suzaku
dataset shows structure below 6.4 keV, which we ini-
tially attempted to fit with a broad Fe Kα wing. How-
ever, it is more consistent with an emission feature
around 6.08 keV that has been previouslymentioned by
Turner et al. (2002). It is statistically significant, but its
source remains unclear. Addition of a broad wing did
not show statistical improvement in other datasets. The
unattenuated continuum contributions to the total flux
varies from∼ 3−5 % in the high states to∼ 12−20 % in
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the low states.
The results from all datasets corroborate with the
same overall model parameters, pointing to very sta-
ble intrinsic absorption. There are notable changes in
the gas ionization states, which are approximately pro-
portional to the flux variations. We also observe an in-
teresting ’pattern’ in the column density variations in
the low flux epochs in contrast with the high flux ones,
which we discuss in the next section.
5. DISCUSSION
We have created a well constrained model to account
for the long term X-ray variability in NGC 4151. Based
on the KRA2005 model, the absorption components re-
spond to the incident radiation in terms of variations
in ionization parameter, however we also observe an
increase of 0.2 dex in the column density of the ab-
sorbers in the low flux epochs. The reflected continuum
remains roughly constant over the 14 years that these
observations span, becoming more dominant in lower
flux states. The reflection fraction R varies from -3.29
to -0.49 in low and high state epochs. Such variabil-
ity is consistent with a constant reflected flux and evi-
dences a time lag, as the reflection fraction increases in
response to a decrease in the intrinsic continuum flux.
Based on our preliminary analysis, there is some varia-
tion on the Fe Kα fluxes, however the sampling of the
observations prevent a straightforward deconvolution
of its response to continuum changes (we plan to ex-
plore this in more detail in the future).
The unattenuated scattering continuum is also rela-
tively constant, and its fraction with respect to the to-
tal flux is consistent with the scattering contributions
to the UV spectrum, as seen in Kraemer et al. (2001).
The scattering photon index is greater than the intrin-
sic continuum photon index, Γ = 2.4 compared to 2.3
below 0.5 keV, which could indicate that there are emis-
sion lines not taken into account, or possibly contribu-
tions from another source of continuum, i.e. a thermal
bremsstrahlung component arising from the emission
line gas (Warwick et al. 1995). The presence of an un-
covered fraction of the continuum in NGC 4151 was
suggested by George et al. (1998), in a study of the ab-
sorption of Seyfert 1 galaxies with ASCA. The X-ray
flux of the ASCA observations was equivalent to our
definition in this paper of high flux states, and the frac-
tion of unocculted continuum corresponds to 3−4 %
of the total flux. The 2000 XMM-Newton dataset is the
only one with a different spectral shape, and it shows
the most contribution from the uncovered continuum
to the total flux. It is probably the only dataset in which
transverse motion is seen, but variations in the ioniza-
tion state dominate the spectral changes.
Given that there have been changes to the atomic
data used by Cloudy since 2005, we generated the sta-
bility curve (S-curve) for the SED used in our mod-
els, illustrated in Figure 9. The S-curve shows us the
regions of the gas stability to thermal perturbations;
the lower ionization/temperature is dominated by line
cooling, while highest ionization/temperature regions
are dominated by Compton processes. The positions
for X-High and D+Ea models are highlighted in the fig-
ure for both 2014 and 2002 Chandra observations. All
of the absorption components lie in a quasi-stable re-
gion of the curve, with D+Ea closer to the line cooled,
stable region, and X-High more susceptible to thermal
perturbations by small changes in gas pressure. The
gas pressure was computed by assuming that the ab-
sorption components were co-located, with a gas den-
sity of nH(X−High) = 10
6 cm−3 and nH(D+Ea) = 1.6 × 10
7
cm−3. We obtained PX−High ∼ 5.3×10
−5 dyne cm−2
and PD+Ea ∼ 1.3×10
−4 dyne cm−2 for the 2014 model,
while for 2002 PX−High ∼ 2.8×10
−4 dyne cm−2 and
PD+Ea ∼ 3.6×10
−4 dyne cm−2. If they were in fact co-
located, it would be possible for the absorbers to be in
pressure equilibrium in the 2002model, but not in 2014.
Furthermore, we investigated the mechanisms of gas
acceleration, and Figure 10 shows the predicted Force
Multiplier (FM) as a function of ionization parameter
for the 2014 and 2002 models, where FM is defined as
the ratio of the total absorption cross-section, including
bound-free and bound-bound transitions, to the Thom-
son cross-section. It is important to note that the FM
values for D+Ea are slightly offset from the predicted
curve, since they were generated using a filtered con-
tinuum. For a SMBH mass of MBH = 4.57 × 10
7 M⊙
(Bentz et al. 2006), we determined the Eddington lumi-
nosity, LEdd = 5.78 × 10
45 erg s−1. Based on our deter-
mination of the 2-10 keV source luminosity (L2−10keV),
and by assuming a bolometric correction of ∼ 30
(Awaki et al. 2001), we calculated the bolometric lumi-
nosity for our studied epochs. In order to radiatively
drive the absorber, FM ≥ (LBol/LEdd)
−1. Our results in-
dicate that the source is radiating at an average of∼ 1%
LEdd in the low flux states, and around ∼1.5−2 % LEdd
in the high flux states. At those rates, it would be neces-
sary that FM ≥ 50 to cause radiatively driven outflows
in high states, and FM ≥ 100 in low states. Thus, D+Ea
could be radiatively driven in both high and low states,
but X-Highmust be accelerated through a different pro-
cess.
Another possible mechanism for the outflows are the
magnetohydrodynamic (MHD) disk winds, as more re-
cently discussed by Fukumura et al. (2010) (and refer-
ences therein), in which the absorbers are accelerated
outwards along the magnetic field lines arising from
the accretion disk. In such models, the intrinsic ab-
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Table 4. Best Fitting Model Parameters
Observation X-High D+Ea Reflection Fe Kα EW D f Fit
log NH log U log NH log U R (eV) (%) χ
2
Chandra 2014 22.71+0.01
−0.01 0.42
+0.04
−0.05 22.71 −0.81
+0.14
−0.14 −2.17
+0.14
−0.14 173±19 10% 1568/1589
2000 22.77+0.02
−0.02 0.38
+0.38
−0.18 22.77 −0.75
+0.22
−0.21 −2.06
+0.35
−0.35 209±13 12% 415/813
2002 22.53+0.01
−0.01 1.09
+0.05
−0.03 22.53 −0.31
+0.03
−0.03 −0.82
+0.09
−0.09 81±7 3% 2578/2596
2002 22.48+0.01
−0.01 0.91
+0.06
−0.06 22.48 −0.43
+0.10
−0.10 −0.93
+0.24
−0.24 132±6 5% 417/421
2007 22.46+0.02
−0.02 0.60
+0.05
−0.05 22.46 −0.68
+0.08
−0.08 −0.49
+0.17
−0.18 130±4 6% 1828/1829
XMM-Newton 2000 22.76+0.01
−0.01 0.28
+0.03
−0.03 22.48
+0.03
−0.03 −0.98
+0.34
−0.36 −2.57
+0.09
−0.09 224±27 21% 274/220
Suzaku 2006 22.76+0.01
−0.01 0.23
+0.05
−0.06 22.76 −1.28
+0.27
−0.26 −3.27
+0.10
−0.10 282±38 17% 1041/1017
NOTE—D f = Fraction of unattenuated continuum; Reflection fraction R is given as negative values to indicate direct reflected
continuum only.
sorption is seen as a continuous distribution of hydro-
gen column density per decade of ionization parame-
ter, implying in a radially dependent ionized density of
the form n(r) ∝ r−α(Fukumura et al. 2014). An MHD
flow would be characterized by α = 1, while a radiation
driven wind would be represented by α = 2. Moreover,
the ionization state of the ultra-fast outflows (UFO)
suggested by Tombesi et al. (2010) are also consistent
with a magnetically driven outflow.
(Tombesi et al. 2010, 2011, 2013) discuss the mass out-
flows in terms of an unification of X-ray winds from
UFOs to warm absorbers. A sample of Seyfert galaxies
are classified as UFOs or Non-UFOs, with the UFOs be-
ing identified by highly ionized absorption features of
Fe XXV/Fe XXVI in the 7−8 keV band. Due to low ef-
fective area of Chandra detectors in that energy range,
we could not detect an UFO in any of our observa-
tions. Interestingly, the Non-UFO absorbers are consis-
tent with our model parameters for X-High, and may
indicate a possible correlation between them. In NGC
4151, the UFO was observed in the 2006 XMM-Newton
ObsID 0402660201 (illustrated in Figure 1), parameter-
ized with with NH = 8 × 10
22 cm−2, log UUFO = 2.4,
based on Tombesi et al. (2013). We estimated that if lo-
cated at rUFO = 1.3 × 10
15 cm, the UFO would have a
density of nH = 2.5× 10
8 cm−3 (for more detailed work
on the UFO parameters, see Kraemer et. al, in prepara-
tion).
We do not present a model fit for the 2006 XMM
dataset in this paper, as we could not constrain the
statistics of the fitting due to low number of filtered
counts. However, we can estimate its model parame-
ters in order to probe the magnetic nature of the out-
flows. Based on our results in Table 4 and a rough
qualitative spectral fit, the 2006 observation is parame-
terized as NH ∼ 5 × 10
22 cm−2, log UX−High ∼ 0.5 and
2014 X-High
2014 D+Ea
2002 X-High
2002 D+Ea
Figure 9. Stability curve generated with photoionization mod-
els with the same SED for the X-ray absorbers. Vertical re-
gions in the plot are quasi-stable, with negative slopes being
unstable to thermal perturbations. The absorption compo-
nents are represented as diamonds for the 2002 model, and
triangles for 2014.
log UD+Ea∼− 0.7, which is consistent with a 2−10 keV
flux of ∼ 8 × 10−11 erg cm−2 s−1. Thus, we found that
the density-radial dependence between the UFO and
D+Ea was n(r) ∝ r−0.7, assuming that D+Ea is located
at rD+Ea = 3.2 × 10
17 cm, with nH = 6.3 × 10
6 cm−3
(see KRA2006). In a more general way, given the range
in UD+Ea between high and low flux states, α can vary
from 0.7 ≤ α ≤ 0.9. As (Fukumura et al. 2014) (and ref-
erences therein) point out, MHD models are consistent
with α ∼ 1 up to 1.25, and therefore our results sug-
gest that D+Ea is not part of the same MHD flow as the
UFO. On the other hand, there is a very likely possibil-
ity that X-High is part of an MHD outflow. If that was
the case, by considering U ∝ 1/(n(r)r2) and assuming
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2014 X-High
2014 D+Ea
2002 X-High
2002 D+Ea
Figure 10. Predicted Force Multiplier as a function of ioniza-
tion parameter generated with photoionization models with
the same SED for the X-ray absorbers. Diamonds correspond
to the 2002 absorption components, and triangles represent
the 2014 absorbers.
α = 1, we can calculate the location of X-High based
on the ionization parameter and location of the UFO.
For the respective range in UX−High in high and low
flux epochs, we found 2.5 × 1016 < rX−High < 1 × 10
17
cm. Moreover, such location for X-High is also consis-
tent with the location of the Non-UFO absorbers (see
Tombesi et al. 2012, 2013), which provides additional
support to the fact that they may correspond to the
same absorption component. This could indicate that
at a sufficiently large radial distance, i.e. between X-
High and D+Ea, there should be a break point between
MHD-dominated and radiatively driven outflows.
Finally, the model results for the majority of the ob-
servations show a uniform column density within the
absorbers. The intrinsic absorption respond to flux
variations in terms of changes in its ionization state,
but we also observe column density variations between
high and low flux states. It is important to stress how
well constrained are the column density variations, and
how remarkably identical is the spectral shape of the
2000 and 2014 low flux Chandra datasets. Previous
studies have discussed variabilities in the column den-
sity of D+Ea, such as the KRA2005 model, but changes
in X-High makes us believe that there should be a fun-
damental and more universal explanation for the ob-
served variations. We can think of many physically
possible scenarios that could account for the column
density variations, and the most straightforward an-
swer is that simply there is more material in our line
of sight. A decrease in the incident radiation in lower
flux epochs could cause the gas not to be as efficiently
driven as in higher flux ones. Another possible expla-
nation is that variations in the ionizing radiation com-
ing from the source induce changes in the gas con-
densation/evaporation ratios, affecting the gas stability
and consequently making more material to condense
from higher ionization states, as (Krolik & Kriss 2001)
described in the multi-temperature wind models. Al-
though it would be very difficult to quantitatively rule
out these scenarios, they still rely on the coincidence
that high and low flux epochs at some point return to
nearly identical states.
With that in mind we suggest a third possibility, in
terms of changes in the X-ray corona. In such sce-
nario, we are looking through an unresolved column
density distribution of gas, inversely proportional to its
radial distance from the central AGN, such that the col-
umn density is higher closest to the source. The ob-
served X-ray flux variabilities would then be due to
a change in the average column density covering the
source as the X-ray corona becomes less extended in
lower flux states. This implies that the X-ray corona ex-
pands as the luminosity increases, and contracts closer
to the black hole as the flux decreases again. What
we obtain is an average column density, since we can-
not deconvolve the column density distribution of the
absorbers. Figure 11 shows an schematic representa-
tion of the model’s geometry for NGC 4151. Further-
more, changes in the X-ray corona have been previ-
ously suggested by Wilkins et al. (2014) in the study of
the flux variability of the Narrow Line Seyfert 1 galaxy
1H 0707−495. Given that the UV continuum and emis-
sion lines come from a more extended region than the
X-ray corona, we would likely not observe this effect in
the UV.
6. SUMMARY AND CONCLUSIONS
In this paper we revisit the analysis of the complex
hard X-ray spectrum of NGC 4151 in order to address
some still open, and yet fundamental questions about
AGNs. We compared our model results for the 2014 si-
multaneous X-ray and UV observations of NGC 4151
with archival datasets from Chandra, XMM-Newton,
and Suzaku. Over the past 14 years, we observed sig-
nificant variability in the 2−10 keV flux of NGC 4151.
The intrinsic continuum is more heavily absorbed in
the lower flux state than in the higher flux state epochs,
but overall they present a very similar spectral shape.
Our most notable results and concluding remarks are
listed below:
1. The observations can be clearly divided into high
and low states. Each group shows very distinct spec-
tral characteristics, and the low states exhibit strong ex-
tended, unabsorbed emission at energies below 2 keV.
The 2014 Chandra and STIS observations were found in
a very low flux state.
2. Our model results imply that the absorbers are
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Figure 1. Schematic representation, not to scale, of the accretion disk/AGN structure for NGC4151. Note the location of the X-ray
absorbers along our line-of-sight. As the luminosity increases, the corona expands, and the average column density decreases
because the true column density decreases with increasing polar angle
very stable. Changes in the continuum are mostly in-
trinsic, meaning that the source is varying in bright-
ness, rather than the flux is dropping due to the passage
of optically thick gas into our line-of-sight. This is sup-
ported by the fact that the UV spectrum also showed
significant flux variations, which ruled out the possibil-
ity of occultations. Furthermore, the remarkable simi-
larities in the spectral shape of the 2014 and 2000 Chan-
dra also suggest intrinsic variation.
3. Additionally to the intrinsic continuum changes,
the low flux state epochs show evidence of larger col-
umn densities in one or both of the absorbers. Among
the possible explanations explored in detail in the pre-
vious section, we suggest that such variations in col-
umn density can be attributed to changes in X-ray coro-
nal size. Specifically, the X-ray corona expands as
the luminosity increases, and contracts as the flux de-
creases.
4. As suggested by KRA2005, MHD winds seem to
play an important role in the mass outflows in NGC
4151, as X-High is consistent with being magnetically
driven, along with the UFO absorber identified by
Tombesi et al. (2010) on the 2006 XMM-Newton obser-
vation. Concurrently, D+Ea model parameters indicate
that it cannot be part of the MHD flow, and it is likely
accelerated through radiative processes. These results
suggest that at a sufficiently large radial distance there
should be a break point between MHD-dominated and
radiatively driven outflows, which might help us un-
derstand the origin of the outflows and ultimately their
role in AGN Feedback.
5. The stability of the absorbers and the possibility of
detection of a coronal expansion/contraction may be
understood in the context of the high inclination (large
polar angle) at which we are viewing NGC 4151. These
effects may be not be as easily observable at lower in-
clination angles.
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